(TKR) [5] , with substantial implications in terms of healthcare costs and patients' productivity for recurrent and prolonged inpatient stay [6] [7] [8] .
INTRODUCTION
Venous thromboembolism (VTE) is the third most common cardiovascular illness after acute coronary syndrome and stroke [1] , affecting more than 1 million patients each year [2] . It includes two different conditions, pulmonary embolism (PE) and deep vein thrombosis (DVT), which are relevant reasons of mortality and morbidity worldwide [3, 4] . Without an efficacious prophylaxis, risk of developing VTE is estimated around 42-57% in patients undergoing total hip replacement (THP), and around 41-85% in patients undergoing total knee replacement Farmeconomia . Health economics and therapeutic pathways 2013; 14 (3) Venous thrombo-embolism (VTE) prevention of patients undergoing total hip and knee replacement significant higher costs, mortality and risk of rehospitalisation at one year after hospital discharge, compared to matched non-VTE patients. In a recent paper, Rupert et al. [10] reviewed ten economic studies carried out in the US and Europe, analyzing costs of THR and TKR patients developing VTE in the US and Europe. Evidence in this review pointed out that orthopaedic patients having PE and DVT costs up to more than twice than similar patients (controls) without any cardiovascular complications. Moreover, results from US administrative databases showed cost variability, with economic burden between US$3,000-9,500 for an initial episode. These costs seem higher than costs in the European Union, where VTE hospital management costs were €1,800 and €3,200 after 3 months and 1 year since diagnosis, respectively. Longer permanence in intensive coronary units, longer length stay, increasing usage of drug and outpatient services significantly increase direct healthcare costs of these patients [11] . Moreover, adopting a longer time horizon should take into account long-term clinical consequences of DVT such as recurrent DVT [12] , post-thrombotic syndrome (PTS) [13] and thromboembolic pulmonary hypertension (PH) [14] . New oral anticoagulants (nOACs), apixaban, rivaroxaban and dabigatran, have demonstrated to reduce the risk of VTE after TKR and THR surgery, and to be as safe as low-molecular weight heparins (LMWH), enoxaparin in particular [15] [16] [17] [18] [19] [20] [21] [22] . Although these new treatments have significantly improved patients' outcomes in the last years, some concerns have been raised on their cost-effectiveness profile, due to the high daily costs. In particular, healthcare payers have expressed the need of evaluating the inclusion of nOACs in formularies in the light of the budget implications of their possible increasing usage. The present study aims to analyze the economic impact of reimbursing and funding apixaban for prevention of VTE after THR or TKR, from the perspective of the Italian healthcare system.
MATERIAL AND METHODS
The present analysis evaluates the economic and clinical implications of reimbursing apixaban in Italy for VTE prevention in patients undergoing THR and TKR interventions, over the first three years after market authorization and reimbursement.
Model design and key analysis parameters
To perform this analysis, a decision-analytical budget impact model (BIM) running in Microsoft Excel® was developed. The model estimates financial impact (healthcare costs and investments) and clinical benefits (number of avoided VTE episodes) of alternative treatment scenarios which would likely reflect future trends of VTE prevention in Italy. Costs and outcomes for each hypothetical scenario have been evaluated on a short-time horizon (90 days). Figure 1 illustrates the decision tree built to run the analysis.
Figure 1. Graphical representation of the decision tree adopted in the budget impact analysis
A patient undergoing THR or TKR is treated to prevent VTE events. During the followup period the patient could have a certain likelihood to develop different forms of fatal or non-fatal VTE (PE or DVT), as well as bleeding events with different severity. Distribution of patients within the flow, as well as overall management costs, depends on the drug received. In the budget impact analysis, two different scenarios were defined and compared to each other: -"Apixaban not reimbursed" scenario (defined "Scenario A"), assuming that apixaban would not be reimbursed and funded by Italian National Healthcare Service (SSN); -"Apixaban reimbursed" scenario (defined "Scenario B"), assuming that apixaban would be reimbursed and funded by Italian SSN. Assumptions on patients distribution for both scenarios, in terms of drug prescription, were built using current data of patients' treatment as reference, from updated market data [23] . According to current data, low molecular weight heparins represent the standard treatment for VTE prevention (administered to almost 90% of THR and TKR receiving VTE prevention, with enoxaparin being the most prescribed therapy). Fondaparinux and nOACs (rivaroxaban and dabigatran) are used in selected cases only. Table I shows the expected patients' treatment distribution in the next three years after apixaban market authorization, according to scenario (apixaban reimbursed vs. apixaban not reimbursed) and indication (VTE prevention in THR and TKR). Non-VTE death events (% of total events) 3.5 3.5
All VTE events + non-VTE deaths (% of total events) 100.0 100.0
Major bleedings (% of total bleeding events) 7.5 7.5
Non major bleedings (% of total bleeding events) 34.1 34.1
Minor bleedings(% of total bleeding events) 58.3 58.3
All bleeding events (% of total events) 100.0 100.0 ted during inpatient stay (for the orthopaedic replacement intervention) and then continued at home after discharge. Distinction between hospital and domiciliary treatment was necessary, as cost of pharmacological treatments in Italy could be different in the two settings (cfr "Economic Data"). Assumptions on length of stay (by type of replacement surgery) were obtained from a study measuring resource consumption and economic burden of hip and knee replacement interventions in Italy [27] .
been estimated in order to calculate treatment costs. Table II shows treatment duration assumptions, by therapy, treatment setting, and type of replacement surgery.
In this budget impact model it was assumed that overall treatment duration for each drug was the same as in clinical trials submitted for EMA approval. According to clinical trials data, overall duration of treatment is similar for all drugs except dabigatran, which is shorter. It is assumed that treatment is initia- With regard to apixaban, daily cost was calculated applying SSN rebates to the official ex-manufacturer price, published in the Official Gazette [30] . For the other therapies, a weighted average of inpatient and outpatient costs was used. Distinction between inpatient and outpatient costs was necessary as patients receiving initial treatment during hospitalization could continue therapy after discharge, if duration of treatment was longer than length of hospital stay (Table II) . In our research, it was found that price of each marketed drug substantially varied among regions. Two main reasons determined this variability. First, Italian hospitals (or groups of hospitals) can negotiate prices with manufacturers through tenders, thus resulting in potentially different tender prices. Second, regions and local health units can discretionarily decide customized strategies to distribute heparins for outpatient use (i.e. direct distribution via hospitals, direct distribution via public pharmacies, standard retail distribution via public pharmacies), resulting again in different final prices for the SSN. In order to obtain daily treatment costs being representative of the whole regional variability, we calculated average prices weighting regional prices by frequency of usage of a distribution channel and regional population. Regional prices and frequency of adoption of a certain distribution model were retrieved using multiple sources (internal market research data, official documentation on hospital tenders, etc.) Regional population data were finally extracted from Italian National Statistics sources (ISTAT data, December 31 Table IIIa and Table IIIb illustrate, respectively, adverse events and death incidence rates (by drug and indication) and conditional distribution of post-event rates.
Economic data and assumptions on resource consumption
As the Italian SSN perspective was adopted in the analysis, only direct healthcare costs were measured. Overall VTE prevention therapy costs, inpatient costs for THR and TKR surgery, costs of VTE complications and bleedings were identified in our research. Figure 2 shows daily costs for pharmacological treatment. 
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-Additional costs of VTE inpatient complications were varied of +10%, compared to base-case analysis; -Percentage of patients receiving apixaban was varied of +10%, compared to apixaban patient share in the base-case.
RESULTS
According to patient population and treatment assumptions, the estimated number of patients (THR and TKR) [33] ; attributable DVT cost from PATHOS study [27] ) was summed up to the standard hospital cost for THR or TKR (without complications) to take into account the higher burden for hospitals. A similar approach was used to estimate additional costs due to bleeding, by grade of severity. The remaining VTE events (31.1% of all cases) were assumed to occur after hospital discharge and to require hospital admission, according to costs and tariffs reported in Table IV .
SENSITIVITY ANALYSIS
A range of one-way deterministic sensitivity analyses was carried out to test robustness of base-case results. Specifically, variation of the following parameters was tested: -Drug administration costs during THR/ TKR hospitalization were included; -Drug acquisition costs of nOACs were reduced of -40%, compared to base-case analysis; -Discount rates for costs after year 1 were varied from 0% to 7% (discount in the base-case: 3.5%); the amount of cost savings sharply increases over time, as a consequence of the progressive replacement of LMWHs with nOACs. Index hospitalizations represents the cost driver in the SSN perspective, being 98.83% of total direct healthcare costs. Excluding index hospitalization costs (for THR or TKR), drug costs account for 52.1% and 52.4% of total costs in Scenario B (apixaban reimbursed) and in Scenario A (apixaban not reimbursed), respectively ( Figure 3) . As a matter of fact, these costs (€22.24 million for Scenario A and €22.37 million for Scenario B) are relatively negligible, compared to inpatient costs for surgery replacement (€3.60 billion), which are the most relevant budget impact contributor of the analysis. In Figure 4 , the evolution of drug costs and VTE (inpatient and outpatient) costs in the Venous thrombo-embolism (VTE) prevention of patients undergoing total hip and knee replacement due to the good risk-benefit profile, the mode of administration, and the daily costs, which are comparable with LMWHs and fondaparinux. This analysis highlights two important aspects regarding VTE prevention. First, the introduction of the new oral anti-coagulant apixaban would not determine a budget impact increase for the SSN. More precisely, the analysis shows that a net economic benefit, even if small, will be achieved in the next years with apixaban reimbursement and usage. Second, the economic impact of pharmacological prevention of VTE is relatively low, compared to the annual amount of hospital costs for THR and TKR interventions. VTE prevention is prescribed for about 15-30 days, according to type of prevention, type of drug and patients' characteristics, and this sporadic usage makes the treatment affordable for the SSN. Our model estimates that only 1.7% of healthcare resources is allocated in VTE prevention, and that the introduction of new agents will not modify (increase) the number of treated patients, as almost all patients already receive a pharmacological VTE prevention.
In our analysis, we adopted a conservative approach for our base-case analysis. Drug administration costs (for parenteral treatments) were not included in the base-case analysis, assuming that these costs would be covered within the DRG (i.e. no extra-costs for hospitals). Also, we intentionally decided to focus on direct healthcare costs only, although the inclusion of indirect costs and the adoption of a societal perspective would have been favourable for apixaban and nOACs in general. Finally, and most importantly, apixaban daily cost only includes rebates granted to the official ex-manufacturer price, as the final result of government negotiations. Unlike the other treatments included in the analysis, first three years after apixaban reimbursement is illustrated. Drug investment with apixaban is fully set off by cost savings for avoided VTE episodes. Based on clinical assumptions, Scenario B would be also associated to a reduction of VTE and bleeding events. In particular, over the entire period (3 years) apixaban introduction would be associated to the reduction of: symptomatic VTE and pulmonary embolism incidence (-106 non-fatal cases and -7 fatal cases vs. Scenario A); asymptomatic VTE incidence (-1,645 non-fatal cases vs. Scenario A); bleedings incidence (-186 cases vs. Scenario).
Results of sensitivity analysis, shown in Table VI, confirm that findings of the base-case study are robust. In all scenarios tested, the inclusion of apixaban in the Italian market remains favourable. Inclusion of administration costs during index hospitalization, -40% reduction of drug costs, and +100% increase of apixaban usage would be the most beneficial scenarios, although the net benefit remains quite limited, if cost savings are compared with the overall budget impact of THR and TKR management, which is almost exclusively driven by hospital costs (+10% of hospital costs determines a +9.88% of overall budget impact for the SSN). The other scenarios included in the sensitivity analysis are affected by negligible fluctuations.
DISCUSSION
In a few years, nOACs have become an important alternative to previous and well established pharmacological treatments indicated in VTE prevention after orthopaedic surgery. Currently LMWHs remain the standard of care/prevention in this indication, but the usage of nOACs has been rapidly increasing, reasons: i) these drugs would be prescribed to a much larger number of patients, compared to the current situation; ii) pharmacological treatment SPAF is chronic; iii) likely, nOACs will be also distributed by public pharmacies, with additional costs for the SSN. All these reasons would lead to a substantial increase of economic resources to fund this class of agents, which will likely have to be offset by a price reduction of nOACs daily cost. Since the level of price discount for apixaban, rivaroxaban and dabigatran is hard to predict, we decided to apply a -40% reduction, which is the average final price rebate for enoxaparin (from ex-manufacturer price to the distribution price). This analysis shows that further discounts applied to nOACs would allow an additional slightly reduction of the budget impact, although majority of costs always depend on index hospitalizations. The expected price reduction of nOACs in the next few years represents a definitive confirmation of affordability of nOACs usage in VTE prevention. On the other side, the possible approval and market authorization of these promising therapies in SPAF raise relevant questions on their cost-effectiveness, requiring further economic studies aimed to evaluate sustainability and comparative costeffectiveness vs. available treatment options.
further rebates granted to hospitals have not been estimated/included, due to the very recent decision of reimbursement. Reasonably, an additional reduction of apixaban costs would reflect into additional cost savings for the SSN. The selection of alternative scenarios to test with sensitivity analysis was performed adopting different points of view. For assumptions affected by uncertainty (positive/ negative), we evaluated standard sensitivity analysis. This was the case of discount rates and additional inpatient costs due to VTE complications. With regard of apixaban usage, the effect of a limit-case analysis, assuming to double apixaban patients' share, was analyzed. Although this case may seem unlikely, it was tested to assess whether large, unexpected variations of the market could determine substantial budget impact increase, which would not be affordable, considering this period of economic constraints. Finally, the -40% reduction was chosen to take into account the future price erosion for nOACs at the time of launch of the second indication: prevention of stroke in patients with atrial fibrillation (SPAF). If the Italian Drug Agency (AIFA) will grant approval of nOACs in this new indication, a price reduction is likely to expect, and will be triggered by the following
